Historically, regulatory assessment of bioequivalence (BE) has relied upon the comparison of rate and extent of drug absorption between products (1). For drugs intended to be absorbed and systemically delivered to the site(s) of activity, this is generally achieved by measuring drug concentrations in an accessible biological fluid such as blood plasma. Typically, a single-dose, two-treatment, two-period, crossover design study is conducted in a limited number of healthy volunteers under fasting and fed conditions. Two products are deemed bioequivalent if the 90% confidence intervals of the geometric mean test/reference ratios for the pharmacokinetic (PK) parameters maximum plasma concentration, for rate (C max ); area under the plasma concentration-time curve, for extent (AUC0-t); extrapolated total area under plasma curve to time infinity (AUC∞) fall within the limits of 80-125% (2) . For the majority of systemically active drug products reviewed by the Office of Generic Drugs (OGD), the "traditional" metrics, AUC and C max , are effective measures of BE.
However, in cases where rapid onset of action as well as controlled duration of effect is needed for drug efficacy, a partial AUC metric (pAUC, a portion of the total AUC) may be needed to ensure therapeutic equivalency (3). For example, Ritalin LA® (methylphenidate HCl) is a mixed modified release (MMR) formulation designed to release a bolus of drug for rapid onset of activity and a delayed bolus of drug to sustain activity throughout the day (4). Ritalin LA® capsules contain half the dose as IR beads and half the dose as entericcoated, DR beads. The Food and Drug Administration (FDA) currently recommends using two pAUC metrics, in addition to AUC∞ and C max , to assess BE of generics to Ritalin LA® (see Fig. 1 ) (5). To better understand the rationale for using pAUC metrics for Ritalin LA®, as well as the selection of the time intervals used for pAUCs, it is important to understand the interplay of the MMR drug release profile with the pharmacodynamic (PD) and PK properties of methylphenidate (MPH) (6) .
MPH is used to treat attention deficit disorder (ADD) and has a short half-life (2 h) and duration of efficacy (2-3 h) (4). According the FDA labeling, MPH MMR formulations (Ritalin LA®, Concerta®, and Metadate CD®) can be taken once a day, providing rapid onset of action in the morning and coverage during the day. MPH's clinical effects can be assessed using the SKAMP (Swanson, Kotkin, Alger, M-Fynne, and Pelham) ratings (7). Thus, the time course of clinical outcome in ADD patients can be related to MPH pharmacokinetics by a PK/PD model. A PK/PD model was developed by comparing the time course of clinical (SKAMP) response to methylphenidate plasma concentrations following dosing with Concerta® and Metadate CD®. The model showed that clinical superiority is expected at any point in time for the formulation with the highest methylphenidate concentration (8) . Therefore, a generic of Ritalin LA could potentially have an AUC and C max comparable to the RLD, but not be therapeutically equivalent due to differences in the time concentration profile.
As previously stated, two products are deemed bioequivalent if the 90% confidence intervals of the test/reference ratios for C max , AUC0-t, and AUC∞ fall within the BE limits of 80-125%. The parameter T max (the time of the peak plasma concentration) is also evaluated for similarity by the OGD, but not subject to statistical evaluation. If T max differs markedly between the test and reference products, OGD consults the relevant clinical division in the Center for Drug Evaluation and Research to determine whether such differences could result in a lack of therapeutic equivalence. However, the observed T max in patients taking Ritalin LA® does not occur in some subjects until the MPH from the DR portion of the formulations is being absorbed. Thus, T max will not always provide information about whether a generic of Ritalin LA will provide the same onset of activity as the RLD (1,9) . In contrast, the PK parameters of the MPH IR products (e.g. Ritalin®) are characteristics of a single release phase.
We used the PK data from the IR MPH formulation to have an unbiased estimate of the T max of the IR component of the MMR formulation (10) . The T max of MPH occurs at 2 h, which is also the time at which the peak PD effect of the early portion of Ritalin LA® is observed (4). We analyzed the PK data from FDA submissions and for IR only MPH products T max is about 2 ± 0.5 and 3 ± 0.5 h under fasting and fed conditions, respectively. Generally, approximately 95% of observations fall within two standard deviations of the mean. Therefore, pAUCs calculated to 3 h (pAUC0-3) in a fasting BE study and 4 h (pAUC0-4) for a fed BE study should ensure that 95% of the subjects should achieve their desired therapeutic response. Likewise, applying pAUC3-t and pAUC4-t to fasting and fed BE studies, respectively, should ensure that two products are therapeutically equivalent over the later part of the daily dosing interval. The variability of the early pAUC is higher than that of C max and AUC∞ under fasting and fed conditions, but reasonable for use in an equivalence test.
In conclusion, the use of two pAUCs metrics along with the AUC∞ and C max will ensure that the pharmacokinetic profiles and clinical effects of generics of Ritalin LA® are sufficiently similar to the brand name drug. For Ritalin LA®, the first (early) pAUC metric is designed to ensure that 90-95% of the subjects have achieved the optimal early onset of response, while the second (late) pAUC metric assesses the response due to the DR portion of the formulation. Fig. 1 . The first (early) pAUC metric, AUC0-T, compares test and reference systemic exposure responsible for early onset of response, while the second (late) pAUC metric, AUCT-t, compares test and reference systemic exposure responsible for sustaining the response later during the once-daily dosing interval
